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(57> AmBthodo(JoWngm9chanicaJhranlnnfl/tii>a(2)to 
outer tube (1) by radial oxpaa^ of at leas] the innartube 
wllh tha aid of an fntamai ovatprassure. 

Tha molhwJ fe partkulaily characterired by IHlIng the 
lnnerlube(2)wflhanaxploslvagasofdetefmlnad 
eompoaUion. tamparatura and pressure, and bf igntUng and 
axploding tha gaa. 

A oom (14, Fb. 2, not shown) may ba uaed to reduce tha 
amount of gas raqulrad. 
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ft Method air^ ^ry^r^jrt M^rh^nteallv .Tbiniia an innear 7^ tig ?W 
Outer TUbe 

5 Otoe present inventiai relates to a neto^ 

anically to an outer tube by radial expansion of at least the inner tube 
by naaiB of an intoernal ovecpressure. 
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TJie lOTButlon also relates to an arrange»t for oarrying out the Bethod. 

It is often desirable in the oil industry, the ctonical industry and in 
TOciear power plants, etc, bo provide steel tubing or piping with an 
internal non-corroding llig »ade for instance oC stainless steel, Dnoonal, 
Inajliqy or titanim. 

Rjr seme usages, it is necessary to bond tfie lining to the alter faibe 
atanically, MhiA can te acbisvBd with tlie aid of explosion welding, 
extcusim or surface welding tedniques. 

20 Other usages, taTO, require solely a inectonical press joint. MiiA can 
be achieved ty pressii^ an inner tube of nctt-corrodlng material radially 
outwards and into contact with tto outer tube, vdtto the aid of an internal 
Ucfjid pcBssare. Alternatively, the outer t»be can be heated iHrlng the 
peessing cperatitn, so that the joint will be fa Ut a uttened ly shrirfage 

25 as the outer tube cools. 

in order to adiieve a good join betueen the tiibes, or pipes, the material 
of tHe inner tiibe Should be defoeaed above its elastic liait and the outer 
tiibe naterial defOniBd within the limits of its elastic limit. 
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Mtha;^ the known methods of oraating a mechanical join are l*ss expensive 
than «ie methods for achieving an atonic bond, they are nevertheless 
conplioated aid cost den«maing due to the large dimensixES and lengths of 
the tuhii^ or piping oonoemed. Far exanple, a 36«« oil pipe of 12 metres 
in lei^ will acoomiKxJate about 7.5 cubic metres of pressure itediimi. 

irrespective of vihether raiial aipansion is effected with the aid of a 
hydraulic punp or with the aid an explflsive ciiarge In water, the cg^de 



2 

period is quite oonsidfirablfi and handlirrr is relatively difficult due to the 
amount of liiguid used* 

one present invention provides a <iuicker and a sinpl^r method of effecting 
5 a mactenical join or connection between an iimer nanrcomadinsf liner qc 
tube ani an cuter tube. 

Ohe present inventim tbus relates to a method of Joining mecSiamcally an 
inner tube to an outer tube ty radial eaqansixan of at least the inner tube 
10 witii tbe aid of an internal overpressure. 

•toe nethod is partiouIaQrly characterized in that the inner tube ifi filled 
with an explosive gas of detennined oanposition, te m pe ra ture and pressure, 
and in 1±at the gas is caused to be ignited and exploded. 
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Ohe invention also relates to an ansingetftait for joining mechanically an 
inner tube to an outer tube by radial expansim of at least Ite inner tube 
by means of an internal overpressure. 

Ote arranganeJit is particularly cteracteriaed by devixses fer filling the 
inner tube with an es^losive gas of detennined ooBpositicn, tenperature 
and pressure; and ly devioes for ignitincf tlie eaqplosive gas and causing 
the sams to esqplcde. 

•Ehe inv«tion wiU jw be describftrt in marB detail with ref eraioe to 
fflffinplifyiiig eAodinenbs ttereof and with raf erenoe to 13id aocenpaiving 
drawings^ in TiAiicii 

- Figure 1 iUustrates scijematioally and in axial sectim a first canbodi- 
rosnt of the inventive arranganait; and 

^ Figure 2 is an axial section view of an inner txto, an outer txiber and 
a filling tube or liner of a seotaid enODodinent of tia inventive arrangonent. 



in tiie description and dalins, tlie word gas is used to identify both 
individual gases ani gas mixtures, for exaaple esqilosivB mixtures of 
35 nnnih^^fftih''''^ gas and an oxidizing gais. 



Shown in Figure 1 is an outer tube or p^ 1 in vjhiA an inner tube or 
lining 2 is placed. Uie tubes are closed at both ends ly end covers 3, 



3' . A mixture of oonbustible gas 5, e.g. hydrogen gas, aoetylane, hg^dro- 
carbons such as gasol, town gas, gasolane, etc.. and an opddizing gas 6, 
such as oo^gen gas cc air is introch«=ed through one of said end oavars. 

5 The €3(plosivB gas is intended to be exploded b/ ignition witii, e.g., an 
elcctaric spark or a pyroteciiidc igniti*« cartridge. n» lUustratad 
embodinanb ooqrises an electrical igniticn systen, incluaing spark plug 
1, /'aWft axmecblon 8, and a high voltage unit 9. 

10 Bie reference' XO identifies a nai»-retum valve MaiA prevents the explosion 
ftrta prx^agatlng to the gas delivery systaa yigaa Ignition. 

Bie ptessore gaieratBd %dthiii the imar tajbe ly 

daterain^ b/ the ooiiwsition, pressure and tai*aature of tt» gas prior 
IS to tte ej?>losiai. Gas pressure can also be affected ty loixlrg-iii other 
gases, such as nitrogen, carbon dioxide, estc. 

Expansion of tte ii«er tito is fadlaltated T*en tha gap !• defii»^ 
OEposii^ sOEfaoes of the iroer aid outer ta±es is evacuated of air toliig 



20 the tube joining process, for Instaice price to the explosi«x. H>is can 
be addfived, for instaiwe. with tiie aid of a hole 1- t*Bough tha catar 



tube 1 (Figure l> which places ta» gap !♦ in ocmnlcaticn lA^ 
surromJings of the outer tribe, the gap being evacuated, for instance, 
througha niiple I'" aniavacuampunpnotsawm. In order to obtain a 
25 OQntrolled and repcocSucible expansion, gas ijiantities and gas pressures 
ore preferably controlled by aibonatics 11, ocnsrised of solenoia valves 
arri time-fimctioi electronics fbr instance. AxoaxUng to one pceferrBd 
fflbadinent, the energy ctmbent of the explcsiVB gas is intended to be 
adapted for plastic def acnation of the inner tube and solely for elastic 
30 de£(»iation of tte outer tube. 

Ihe air is evacuated thrw^ a line 12 fitted with a valve, prior to 
intcoduBing tl»B explosive gas. Alternatively, the line is left cpen 
during the initial inflotf of gas and is closed when the gas pressure 
35 increases, ihis method is used preferably vtoan the air is used as an 

asddizdug gas. 



When tHeexplosiai has taken place, tie piMsure is relieved through a 



relief line U, whereafto: the end ojvers are remaved. 



Tti the case of continuous peoduction, the end antsc ttaough ^tdOx tlie gas 
is Intcoduoad is preferably fiacedly wwnted ard the opposite end cower is 
5 capeibile of being wwed aadally hy Beans of hydraulic devices (w* shown) 
fiar esenple. 



In the case of large tribe dimisiQns, the inner tube wiai aoaamodata Bit* 
usee gas tton that retjiired for its expansam. in this csjse, tiie gas way 

10 ha giwn a low initial pressure or may be adndxed witii an inert gas car 
air. Another alternative is to reduce the volume of the inner pipe, ly 
placdi^ therein an towgeneus or hollcw rod, as indicated in Figure 2. In 
the Figure 2 enbadlaanfc, 1 idaiti£ies ti*e outer tube, 2 identifies ttie inner 
tube am M identifies a rod or a thicSc-nallfid tube, tte end cjovecs witti 

15 attaCtaients dnun in Figure l are not siwwn in Figure 2. Hie gas is 
intraStaoed into the inner tia» and caused to ejsploSe in the 

bebHQO) the bar or tube 14 and the inner tube. 

TbB tewntive nethod and the method of cperatlm of t4« liwentivB attangp- 
20 ment will be unterstood. in all oooon t ialw froa tSia aforeepiiig. 

It will also have been ijnderstood that the Inventiai provides a maittod of 
joiniig mechanically an Smac tube to an outer tube in a far ^licter and 
mxH siapler manner than can he addsrod with known tedmigqes. 

25 

The Inventicn has beai described in the aforegoing with referanoe to 
different enibodiients. It vdll be undacstood, however, that other €nbodi- 
ments and minor rosdifiisations are amoeivablB witliin tte scope of tte 
inventive 
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Far aample, the g^ l' can be evacuated throu^ one of tlie end covers 3, 
3' , as inaicated by tiie bcckm arrcw 3" in Figure 1. 

me invention *all not taierefacB be oonsideced limited to tl» af oredes- 
35 crllMd and illustrated eniMdiiiHnts, since Kxlifications ca^ 

am scope of the foUotring Claims. 
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1. A metHod for joining tnedianically an inner tube to an outer tube by- 
radial ejqansion of at least the Inner tube, with the aid of an inbemal 
overpressure, characterized by f illii^ the Innffl: tube 
with an «pl08lve gas and by igniting the gas and eausine the saw to 



explode. 
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2. A netiiai aooooSiiig to Claim 1, characterized Jy adjusting 
the energy conbent of the explosive gas upon Ignition and explosion, such 
tiiat the inner tube «iU be defor«d plastically and ttie outer tube will 



only be deformed elastlcally. 



jS 3. A aeJliod aocxscdii^ to Claim 1 or 2, characterized ty 
evsaaaltixg air fwa tbe inner tube prior to introducing the explcsive 



4. A wrtbod acxxjoSlnj to Claim 1 or 2, characterized by 
20 ««cuatii^ air fcoa the imar tttoe with the aid of a gas intended to 

fann an es^ilosive gas. 

5. A nsthod according to Claim i, 2, 3Qr4, characterized 
ly decreasiu? ttoe specific energy ocntait of the e3qaosive gas by using a 

25 relHtiTOly low lidtial pressure and/or »y diluting t^ 
gas, such as nitrogen or cazbon dioxide. 

6. A Bstbod aooocdlng bo Claim i, 2, 3, 4 or 5, c h a r a c - 
teriaed lay reducing *!» available gas-filling volunie of ttie inner 

30 tube by placing a body in the inner tube. 

7. A meUmd aoccaxling to Claim 1, 2, 3, 4, 5 or 6, charac- 
terized by evacuating the gap defined bebween the inner tjlbe 

•. and the outer tube of ale dmdng the t»±e joining proo^. 
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8. A method aooordiiq to any <^ ^ pceoeding Claims, char- 
acterized by placii^ the tubes between t»o covers 
whicai sealii^ly amnect the tubes; providing an explosive-gas delivery 



line at cane end cover which is preferably fixedly arranged; 

providtoj evacuation outlets at the other end cover. ^Aiidi 

Is pretecahly capable of beiiKf novBd aadally by means of hydraulic devices. 

5 9* A inethod aooording to aiy one of the preoeding Claians, c h a r 
acterized in that the canbustible part of the es^losive gas 
Is canpcised of one of the gases hydrogen gases, acetylffle or hydtucarlDon 
gas^ as gasol, town gas or gasifi ed petrbl«» products. 
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10. An aixangement for joining mechanically an inner- 
tube to an outer tube by radial expansion of at least the 
inner tube with the aid of an internal overpressure, 
characterised by a device for introducing into the inner 
tube an explosive gas; and by a further device for 
igniting the explosive gas to explode the same. 



XI, An arranjesDent aooording to claiia 10, furtiier comprising a 
device foradjusuog the energy content of tbe fflEOrtlva gas so ^ 
tUe inner tube is def amad plasticaUy and so that the cuter 
20 is defomed only elastically. 

12. An arrangement aocorxiing to Claim ID or 11, further 
eoaprising an evacuating device fbc evacaattlng air frott the 
Inner tite prior to or in conjunction vlth introducing the explosive 

25 gas. 

13. An arrangement aooocding to Ctoim 10, 11 cc 12, furthar 
conprlsing devices for delivering an inert gas to the inner tube 

so as to reduoe the specific energy content of the es^losive gas. 

14. An arrangement according to Claim 10, 11^ 12 or 13, 
further comprising a body for insertion into the inner 
tube so as to reduce the available gas-filling volume in 
said inner tube. 

15. An arrangenent according to Claim 10, ll, 12, 13 or 14, further 
coaiprising a device for evacuating the gap def ined bat^ 
the inner tube and the outer tube during the tube joining 
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16. An artaiwwant aoootdlm to Clal» 10, 11, 12, 13, 14 or 15, 

^ - c— two eaS. covers betweai vfaicai the 

tabes are sealiigly disposed; in that an explosive gas delivery 

line is proviaaa In a first of said end oovecs said end- 

oovBc pceferably being f iKsdly matted; and la that evacuaticn outletes 

ate provided in the oaiee of said end oowBs, said end cxwwr 
peefet^y beiiig Boveable aadally Jv means of hsdraulic devioos fee 
instance. 

17. A method for Joining an inner tube to an ^ 
^ radial expansion s»bsl:Bn*ially as ^'^^^^^''^'J^ 
illustrated with reference to the accompanying drawings. 

18. An arrangement for Joining ---"^^"^^l ^ J^Z 
tube to an outer tube by radial expansion substantially 
as herein described and illustrated with reference to the 
aocoropanylng drawings* 
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